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INTRODUCTION 38
Visual motion detection plays a crucial role in the early life stages of many organisms, 39 as it is used for predator avoidance (fishes, Fuiman and Magurran, 1994) and prey detection 40 Messenger, 1996) . Of them, mysid shrimp use transparency for camouflage (Wells, 1962) Newly hatched cuttlefish are able to visually discriminate between different crab phenotypes 86 suggesting good detection of prey based on luminance contrast (Guibé et al., 2012) . 87
In the current study, we used both OMR and predatory behavior to examine and to 88 compare the development of polarization and luminance contrast sensitivities in young 89 cuttlefish, from hatching to one month of age. In the first experiment, we observed the OMR 90 to polarization and luminance contrasted patterns in motion. Then, in the second experiment, 91
we examined the importance of polarization information in detecting and attacking prey that 92 use transparency or background matching as camouflage (Stevens and Merilaita, 2009) . 93
94

MATERIALS AND METHODS 95
Animals 96
Cuttlefish hatched from wild eggs collected in the vicinity of Luc-sur-Mer (France). 97
Eggs, initially laid in clusters, were separated from each other to ensure optimum 98 developmental conditions and were put in shallow tanks at the Centre de Recherches en 99 Environnement Côtier (CREC, Luc-sur-Mer, France). All tanks were supplied with running, 100 oxygenated sea water at 17 ± 1°C. After hatching, the animals were housed in groups and 101 provided with enriched habitats which increases cuttlefish growth rates, has a positive effect 102 on juveniles' learning abilities (Dickel et al., 2000) and improves the richness of their 103 behavioural repertoire (Poirier et al., 2004 (Poirier et al., , 2005 Fig. 1A ). The interior wall of the cylinder was lined with one of the removable 117 striped patterns while the exterior was backed with a light diffuser. A circular glass holding 118 tank (8 cm in diameter, 8.5 cm high; Fig. 1A ) was placed on a central stationary platform. A 119 video camera was suspended directly above the glass tank allowing remote viewing and 120 recording of the animal's movements. The apparatus was illuminated with 4 fluorescent lamps 121 outside the cylinder that provided homogeneous lighting of the patterns. The entire apparatus 122 was covered by a black curtain to prevent cuttlefish from using distal cues or being disturbed 123
during the experiments. We tested 2 patterns ( 
Optomotor test 130
The experiment started 5 min after the introduction of a cuttlefish into the central 131 holding tank to allow it to calm and settle down. Each pattern was rotated at 4 angular 132 velocities (30, 60, 100 and 130°/s) in both clockwise and counter-clockwise directions. In 133 preliminary experiments using patterns, these speeds ranged from those that elicited a clear 134 positive response (OMR 30-100°/s) to one that no longer elicited any response (130°/s). 135
During a trial, when the cuttlefish followed the direction and speed of the rotating pattern 136 (OMR) with the rotation of their whole body for at least 180° or just with their eyes for at 137 least 4 back and forth motions in the proper direction, the response was considered positive. 138
In this case, the cylinder was stopped to avoid habituation or fatigue. Otherwise the responsewas considered negative and the trial ended after 1 min. Each cuttlefish was tested once, in a 140 continuous session consisting of 16 experimental trials (2 patterns x 4 rotation velocities x 2 141 rotation directions) and 8 control trials with the white sheet (totaling 24 trials). The pattern 142 used for the first 8 trials was chosen randomly. Then, trials were performed with the 4 rotation 143 velocities presented in a random order. For each velocity, two consecutives trials were 144 performed, alternating the directions of rotation. In the next 8 trials, the pattern was switched 145 and tested as described above. Lastly, the white sheet was used to perform negative control 146 trials for each velocity and direction. The inter-trial interval between speeds and directions 147 using the same pattern was 1 min; the inter-trial interval between patterns was 5 min. In both tests, 2 types of prey were used: mysid shrimp (Neomysis integer) which show 162 low luminance contrast and high polarization contrast, and crabs (Carcinus maenas) which 163
show high luminance contrast and little or no polarization contrast; as examined with an 164 imaging polarimeter (Shashar, unpublished data). Mysid shrimp were reared at the CREC and 165 were returned there after tests. Crabs were collected at low tide under rocks and were used to 166 feed other cuttlefish after the tests. 167
Choice test 168
The experimental apparatus was a V-shaped arena made of grey PVC (15 cm long x 169 10 cm wide x 6 cm deep; The cuttlefish was gently transferred from the housing tank to the apparatus. It positioned 178 itself in the corner of the V, the head facing the tubes. The cuttlefish had 15 min to settle 179 down and acclimatize to the apparatus. Then, the opaque cover was removed and the 180 cuttlefish was given 5 min to attack the prey contained in one of the tubes. At the end of the 181 test, the cuttlefish was put back in an individual rearing tank and fed shrimp, Crangon 182
crangon. 183
Cuttlefish were tested at the age of 7 days (n = 36) and 30 days (n = 36). well illuminated conditions, newly hatched cuttlefish detected stripes covering at least 2.5° of 265 an arc. At higher velocities, nearly all animals detected and followed the pattern at 30 days of 266 age (Fig. 3) . These results suggest that the temporal resolution of juvenile contrast sensitivity 267 increases with age. The polarization sensitivity develops more slowly. Indeed, only few newly 268 hatched cuttlefish showed an OMR to the Pol pattern at the low velocities of 30 and 60°/s. 269
The number of responding cuttlefish slowly increased with age. Further, the responses at 270 young ages were stronger at the low rotation speeds (30°/s and 60°/s) than the faster one 271 (100°/s), but this was not the case with the older cuttlefish (but for the 130°/s rotation speed). 272
These results suggest a maturation of the temporal resolution for polarization input as well. At 273 30 days, at least half of the cuttlefish responded to the polarization pattern at all velocities, but 274 for the highest rotation rate of 130°/s (Fig 3) . Previous studies demonstrated an OMR topolarized stripes in other mature cuttlefish species, using a velocity of 12°/s and with 2.5 cm 276 stripes width Marshall, 2010a, 2010b) This might suggest a post-embryonic development of PS allowing increase in prey detection 300 and prey-catching success. Our results confirm that PS helps newly hatched cuttlefish detect 301 transparent prey. Moreover, they show that luminance contrast sensitivity improves during 302 their first month of life. PS overcomes this poor sensitivity in helping cuttlefish be more 303 efficient to detect prey that generate a polarization contrast from their background, such as 304
shrimp. 305
The second experiment shows that polarization was perceived by cuttlefish as young 306 as 7 days of age and that prey detection based on luminance contrast improves with age. Yet, 307 the percentage of cuttlefish showing an OMR to the polarization pattern was lower than for 308 the luminance pattern at all ages and velocities of rotation. These apparently puzzling resultscould be explained by the higher speed of motion for the rotating pattern compared to the 310 nearly stationary prey. In such a case, using a slowly moving pattern (Talbot and Marshall ± SEM ** ***
